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Abstract

Background: Heart failure (HF) remains a major public health challenge, while HF self-care is particularly challenging. Mobile
health (mHealth)–based interventions taking advantage of smartphone technology have shown particular promise in increasing
the quality of self-care among these patients, and in turn improving the outcomes of their disease.

Objective: The objective of this study was to co-develop with physicians, patients with HF, and their caregivers a patient-oriented
mHealth app, perform usability assessment, and investigate its effect on the quality of life of patients with HF and rate of
hospitalizations in a pilot study.

Methods: The development of an mHealth app (The Hellenic Educational Self-care and Support Heart Failure app [ThessHF
app]) was evidence based, including features based on previous clinically tested mHealth interventions and selected by a panel
of HF expert physicians and discussed with patients with HF. At the end of alpha development, the app was rated by mHealth
experts with the Mobile Application Rating Scale (MARS). The beta version was tested by patients with HF, who rated its design
and content by means of the Post-Study System Usability Questionnaire (PSSUQ). Subsequently, a prospective pilot study
(THESS-HF [THe Effect of a Specialized Smartphone app on Heart Failure patients’ quality of self-care, quality of life and
hospitalization rate]) was performed to investigate the effect of app use on patients with HF over a 3-month follow-up period.
The primary endpoint was patients’ quality of life, which was measured with the Kansas City Cardiomyopathy Questionnaire
(KCCQ) and the 5-level EQ-5D version (EQ-5D-5L). The secondary endpoints were the European Heart Failure Self-care Behavior
Scale (EHFScBS) score and the hospitalization rate.

Results: A systematic review of mHealth-based HF interventions and expert panel suggestions yielded 18 separate app features,
most of which were incorporated into the ThessHF app. A total of 14 patients and 5 mHealth experts evaluated the app. The
results demonstrated a very good user experience (overall PSSUQ score 2.37 [SD 0.63], where 1 is the best, and a median MARS
score of 4.55/5). Finally, 30 patients (male: n=26, 87%) participated in the THESS-HF pilot study (mean age 68.7 [SD 12.4]
years). A significant increase in the quality of self-care was noted according to the EHFScBS, which increased by 4.4% (SD
7.2%) (P=.002). The mean quality of life increased nonsignificantly after 3 months according to both KCCQ (mean increase 5.8
[SD 15] points, P=.054) and EQ-5D-5L (mean increase 5.6% [SD 15.6%], P=.06) scores. The hospitalization rate for the follow-up
duration was 3%.
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Conclusions: The need for telehealth services and remote self-care management in HF is of vital importance, especially in
periods such as the COVID-19 pandemic. We developed a user-friendly mHealth app to promote remote self-care support in HF.
In this pilot study, the use of the ThessHF app was associated with an increase in the quality of self-care. A future multicenter
study will investigate the effect of the app use on long-term outcomes in patients with HF.

(JMIR Mhealth Uhealth 2021;9(4):e24271) doi: 10.2196/24271
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Introduction

Heart failure (HF) is a major burden on patients, negatively
affecting their functional status and quality of life. The incidence
of HF in the United States is estimated between 2 and 5/1000
person-years [1]. There are about 26 million patients with HF
globally [2]. HF decompensations occur frequently and
necessitate lengthy hospital stays [3-5], while the disease causes
mortality comparable with many types of cancer [6].

Managing HF is a difficult task for clinicians, and even more
so for patients, as complicated and lengthy self-care is needed.
Pharmacological therapy for HF consists of several different
medications with different dosing strategies, especially in
patients with HF with reduced ejection fraction (HFrEF) [7].
Diuretics for avoiding fluid congestion work optimally when
the dosage varies depending on clinical or imaging indicators
of fluid accumulation. Experienced patients often make such
adjustments themselves successfully [8,9]. When medications
for frequently occurring comorbidities, such as atrial fibrillation,
hypertension, and diabetes, are also taken into account, the result
is a labyrinthine, ever-changing medication regimen that requires
time, presence of mind, and dedication to successfully adhere
to [10,11].

Lifestyle changes are also a necessary but difficult part of HF
self-care. Tracking fluid intake [9], daily weighing [8],
increasing physical activity [12-14], and getting vaccinations
[15,16] have all been shown to improve outcomes in HF, but
sustained long-term adherence to the “HF lifestyle” is almost
impossible without repeated interventions by a multidisciplinary
team. This usually consists of physicians, nurses, dietitians,
psychologists, and exercise physiologists [17].

Mobile health (mHealth) pertains to the use of mobile
communications and network technologies for health care [18].
mHealth-based implementations can be designed for use by
clinicians [19], nurses, allied health professionals, caregivers,
or even the patients themselves [17,20]. The medium by which
mHealth is delivered to the end user used to be mobile phone
technologies such as automated phone calls and SMS text
messages [21], but now has mostly migrated to newer
technologies, such as smartphones and tablets [22-25]. The data
from different types of devices including wireless scales, blood

pressure monitor, or wearables (eg, sensors, bands) can be easily
incorporated into such systems [26].

Patient-centered interventions utilizing mHealth technology
already show promising results in improving the quality of
self-care in several chronic diseases where patient participation
is important, such as diabetes [27], hypertension [28], and
depression [29]. The central pillar of such interventions is
usually an app that provides patient education, encourages
behavior that is appropriate for each disease (eg, salt restriction
in HF), reminds the patient for actions that need to be taken (eg,
medication/vaccination reminders), and potentially enables
synchronous or asynchronous communication with health care
personnel, caregivers, or even other patients with the same
disease [17,22,23,25,30-32]. Remote monitoring is also a very
appealing prospect [33].

In the setting of the COVID-19 pandemic, patients with severe
comorbidities have a significantly higher risk of severe or even
deadly disease progression [34]. It is thus of paramount
importance that these patients are shielded from exposure to
the virus [35]. In this situation, mHealth solutions for the remote
monitoring and care of these patients may indeed become a
crucial step in safeguarding this fragile group of patients.
Coronavirus or not, HF, with all its intricate self-care, appears
to be a prime target for mHealth-based interventions.
Nonetheless, designing an app for use by patients with HF may
prove challenging, as their particular needs and hindrances (eg,
the mild cognitive decline HF is associated with) need to be
considered.

Our aim was the development of an evidence-based,
patient-oriented mHealth app (The Hellenic Educational
Self-care and Support Heart Failure app [ThessHF app]) in
cooperation with patients and their caregivers from our
department’s Heart Failure Outpatient clinic. Furthermore, we
aimed to assess ThessHF app functionality with experts as well
as patients with HF in real-world settings. Finally, we conducted
THESS-HF, THe Effect of a Specialized Smartphone app on
Heart Failure patients’ quality of self-care, quality of life and
hospitalization rate, a prospective study that investigated the
clinical effect of app use on patients’ quality of life and
hospitalization rate. A visual representation of this process is
presented in Figure 1.
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Figure 1. A timeline of the various parts of the evidence-based app development process, along with concurrent app versions. Note that the timeframes
are not represented to scale in this figure.

Methods

Development of a Patient-Oriented mHealth App: The
ThessHF App
A systematic review of available literature was the first step in
developing the app, as it was expected to reveal app features
and design considerations that would increase the app’s usability
and benefit to patients with HF. Our search focused on mHealth
interventions that utilized smartphone technology; the results
were codified as discrete app features that could be incorporated
into the ThessHF app. These features were disseminated to a
panel of 8 cardiologists and 2 physicians with mHealth
familiarity. Furthermore, these features were discussed with
patients with HF and their opinion was sought.

A 3-step Delphi process was used to reach a consensus on which
app features were critical, optional, or indeed unsuitable for a
patient-oriented HF app. After a consensus was achieved,
physicians with programming experience then developed a beta
version of the app. Throughout the app’s development process,
patients with HF and caregivers were frequently called upon to
give unstructured feedback. Prior to the app’s rollout in the
usability study, 5 independent mHealth experts were given
access to the ThessHF app for a month and invited to rate it
using the Mobile Application Rating Scale (MARS) [36].

Usability Study of the App
Patients that visited the HF clinic were invited to install the beta
version of the app to their own Android smartphones for
usability testing. Patients were serially recruited from the HF
clinic, with exclusion criteria being not owning a smartphone,
not understanding written Greek, and denying participation. No
incentive was given to participate in the usability study. After
a short 30-minute hands-on session in which the researchers
trained patients in the app’s use, they were free to use it in any
way they saw fit. A telephone number was given to them, which
they could call for technical assistance or to report bugs. After
a month of in-the-wild use of ThessHF, they evaluated the app
by filling out the Post-Study System Usability Questionnaire
(PSSUQ). The PSSUQ is a 16-item questionnaire that measures
users’ perceived satisfaction of a system. PSSUQ scores can
range from 1 to 7, with lower scores being better [37]. Its
questions can be divided in 3 subdomains: system usefulness,
information quality, and interface quality.

The Effect of a Specialized Smartphone App on Heart
Failure Patients’ Quality of Self-Care, Quality of Life,
and Hospitalization Rate of Patients with Heart Failure
(THESS-HF)
To examine the clinical effectiveness of the ThessHF app, we
designed the “THe Effect of a Specialized Smartphone app on
Heart Failure patients’ quality of self-care, quality of life and
hospitalization rate” (THESS-HF) study. The THESS-HF study
is a single-center, prospective study that recruits patients with
HFrEF who own smartphones. Because the study took place
largely during the COVID-19 pandemic, it was designed to
obviate the need for physical visits, with all questionnaires and
patient contact in general happening via telephone, instant
messaging, or video conference calls. Patients were serially
recruited from our department’s HF clinic. Patients should have
HFrEF to qualify for inclusion in the study. Exclusion criteria
were cognitive or visual impairment (defined as Montreal
Cognitive Assessment score <20 and visual acuity worse than
20/50, respectively), a history of stroke in the preceding 12
months, and experiencing uncontrolled psychiatric diseases. No
incentive was given to participate in the study.

At baseline, HF-specific quality of life was quantified using the
Kansas City Cardiomyopathy Questionnaire (KCCQ) [38],
whereas health-related quality of life was quantified with the
5-level EQ-5D version (EQ-5D-5L) [39]. Quality of self-care
was measured with the European Heart Failure Self-care
Behavior Scale (EHFScBs) [40]. Patients then received remote
instruction regarding the installation and use of the ThessHF
app. Patients were then followed up on for 3 months in total.
After 3 months of app use, the KCCQ, EQ-5D-5L, and EHFScBs
questionnaires were once again administered. The study’s
primary endpoints were patients’HF-specific and health-related
quality of life, as quantified via the KCCQ’s total test score
(KCCQ-TTS, ranging from 23 to 100, where 100 represents
best HF-related quality of life) and the EQ-5D-5L visual analog
scale score (EQ-5D-5L VAS, ranging from 0 to 100, where 100
represents the best health-related quality of life), respectively.
Secondary endpoints were the quality of self-care score
(EHFScBs, ranging from 0 to 100, where 100 represents the
best quality of self-care) as well as the rate of hospitalizations
or ER visits for HF decompensation during the follow-up period.

The study was approved by the local Institutional Research
Board. The procedures followed were in accordance with the
Helsinki Declaration of 1975, as revised in 2000.
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Statistical Analysis
Normally distributed continuous variables are reported as mean
(SD) in text. Non-normally distributed continuous variables are
reported as median (interquartile range). Normality was
examined with the Kolmogorov–Smirnov test. The paired t test
was used when comparing means between samples for normally
distributed values, while the Mann–Whitney U test was used
for comparing means between non-normally distributed values.
The paired t test was used when evaluating changes in
parameters for significance. Statistical significance was defined
at a level P<.05. Spearman rho was used when looking for
correlation between continuous or discrete variables.

Results

Feature Selection and App Development
Our search yielded 4 studies [22-25] that measured the effect
of app-based interventions in patients with HF. The app features
extracted from the literature review as presented in Table 1 were
compiled and presented to the panel of experts participating in
the Delphi process (a detailed review description of the
systematic review is presented in Multimedia Appendix 1). The
result of the process, as described in the “Methods” section,
was the creation of a list of 18 critical, optional, and
unsuitable/unnecessary app features (Table 2). The authors
decided to declare active physician involvement a priori
unsuitable, as such a feature would measurably compromise
the scalability and cost-effectiveness of any mHealth
intervention that used the ThessHF smartphone app.
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Table 1. An overview of the 4 randomized controlled trials included in the systematic review.

CommentsNotable outcomesQuality of lifeHospitaliza-
tions

App featuresPatients randomized
to control or inter-
vention group, study
duration

Studies

More patients were
prescribed with al-

No differ-
ence ob-

50/50, 6 monthsSeto et al [22]a • Relatively outdat-
ed smartphone

•• MLHFQd uti-
lized

Blood pressure
and weight daily

(Fb) technology was
utilized

dosterone antago-
nists in the inter-

served be-
tween

• Improved in
the intervention• Once a week 1-

lead electrocardio- groups
(P=.1)

vention group
(P=.02)

• Visits to the HFe

clinic and nurse
group versus
control (P=.05)graphy (F)

workload were• -On-call doctor
can be contacted increased dispro-

portionately tothrough the app
outcomes(F)

• -Active doctor in-
volvement in set-
ting weight targets

(Nc)

No difference be-
tween groups regard-

N/AfNo differ-
ence ob-

47/47, 6 monthsVuorinen et al

[23]a
•• More uptitra-

tion events of
angiotensin-

Only buttons are
used in user inter-
face (N) served be- ing N-terminal pro-

brain natriuretic pep-convertingtween• Blood pressure,
heart rate, and tide (NT-proBNP),enzyme in-groups

(P=.35) left ventricular ejec-
tion fraction, and oth-
er clinical variables

hibitor/beta
blocker medi-
cation
(P=.04) and

weight daily (F)
• Assessment of

dizziness, dysp-
nea, palpitations,

downtitrationweakness, edema
of diuretics(F)
(P=.02) in the• Measurement his-

tory as graphs (F) intervention
group versus• Active nurse in-

volvement in control
monitoring patient • Medical

staff’s (nurs-data, encouraging
app use (N) es) time spent

for the inter-
vention group
was signifi-
cantly greater
versus control
(P<.001)

N/A2.2 less hos-
pital days

40/32, 3 monthsHägglund et al

[24]g
• Data were stored

in the tablet
•• KCCQh and

SF-36i utilized

Body weight via
wirelessly connect-
ed scale daily (F) per patient • The intervention

included patient• KCCQ showed
significant im-

due to HF
for the inter-

• App-directed di-
uretics titration (F) education and

provement invention advices regard-• Visual analog
scale assessment the intervention

group versus
group versus
control (rela-

ing self-care in
adherence to the(N)

control (P<.05)tive risk
0.38; P<.05)

guidelines for
HF (eg, consult
for increase in

• App-directed alert
to contact HF cen-
ter via phone (F)

diuretics if body• Patient education
module (F) weight gain de-

tected)
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CommentsNotable outcomesQuality of lifeHospitaliza-
tions

App featuresPatients randomized
to control or inter-
vention group, study
duration

Studies

• Small sample
size

• Only 72% of the
patients conclud-
ed the 30-day
follow-up

• Patients stated
their preference
for the use a
smartphone app
alone or com-
bined with a
wrist wearable
tracker over the
chest strap

Significant im-
provement regard-
ing self-care man-
agement (P=.01)
and self-care confi-
dence (P=.03) of
the intervention
group versus the
control group, as
appraised by the
Self-Care of Heart
Failure Index

• KCCQ utilized
• No statistical

difference

N/A• Body weight daily
(F)

• Symptom assess-
ment daily (F)

• Heart rate and ac-
tivity monitoring
via chest strap (F)

• Medication tracker
and reminder (F)

• Patient education
module (F)

• Deep breathing
and walking exer-
cises (F)

9/9, 1 monthAthilingam et al

[25]a

aThe study intervention was smartphone based.
bDenotes functional features (ie, those directly specific to patient self-management).
cDenotes nonfunctional features (ie, those not directly specific to patient self-management features).
dMLHFQ: Minnesota Living with Heart Failure Questionnaire.
eHF: heart failure.
fN/A: not applicable.
gThe study intervention was tablet based.
hKCCQ: Kansas City Cardiomyopathy Questionnaire.
iSF-36: 36-Item Short Form Survey.

Table 2. App features evaluated by a panel of 8 cardiologists and 2 physicians with mHealth expertise.

Unnecessary/unsuitableOptionalCritical

••• Active doctor involvement in monitoring
parameters/reacting to emergency calls

Activity trackingApp-directed alert to contact
heart failure center/medical
personnel

• Active nurse involvement in monitoring patient data
• App-directed diuretics titration• Gamification featuresab

• Blood pressure measurement • Chest strap• Measurement history as graphsb
• Body weight measurement • One-lead electrocardiography

• Pulses measurementb• Buttons-only user interface • Visual analog scale assessment
• Symptom assessmentb (eg, dizziness, edema)• Medication reminder • Wireless weighing scale

• Patient education module • Blood glucose measurements in diabeticsa,b

aFeatures not extracted during the systematic review.
bOptional features introduced in the ThessHF app.

The ThessHF App
Physicians developed the ThessHF app, incorporating all
“critical” and most “optional” features (Table 2) in the beta
version. The app encourages patients to invest 3 minutes daily
to perform necessary self-care steps (weigh themselves, measure
their blood pressure, and quantify potential dyspnea) and log
the results in the app. Values that lie outside the ranges
predetermined by clinicians alert the patient to seek medical
help, while a timeline of the aforementioned parameters is
always available. Patients are also reminded to take their
medication in the morning, afternoon, and evening. Patient
education is included in the form of a weekly quiz that contains

questions about the disease. In an effort to achieve long-term
adherence to the app, gamification features have been
implemented, rewarding patients with medals as they interact
with them. The app features weight and symptoms tracking,
medication reminders, gamification features, and a weekly HF
quiz for educational purposes (Figure 2, Multimedia Appendix
2). A translated version of the text found in the app is presented
in Multimedia Appendix 3. With regard to the app evaluation
by the mHealth experts with the MARS, the app received a
median score of 3.80 regarding user engagement, 4.0 for
functionality, 4.7 for aesthetics, 4.68 for information, and 4.1
for subjective quality. The median overall score was 4.55.
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Figure 2. Screenshots of the ThessHF app translated in English, displaying (A) the main screen and gamification features, (B) the activity where patients
input their blood pressure, (C) history of blood pressure available as a graph, (D) the main menu screen, where inputted parameters turn green, (E) a
question out of the weekly quiz, and (F) the push notification reminding patients to take their pills.

ThessHF Usability Study
Overall, 25 patients were assessed for participating in the
usability study. Among these, 11 were excluded for not owning
an Android smartphone. No patient was excluded for not
understanding written Greek or denying participation. In the
end, 14 patients with HFrEF (mean age 64.9 [SD 9.7] years, 11

male) participated in the usability study (Table 3). The ThessHF
app received an overall PSSUQ score of 2.37 (SD 0.63). In the
system usefulness subdomain, the app was rated at 2.12 (SD
0.56), information quality was rated at 2.54 (SD 0.87), and the
interface quality received an average score of 2.61 (SD 0.92)
(Figure 3).
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Table 3. Characteristics of patients included in the ThessHF usability.

Patients with heart failure with reduced ejection frac-
tion: usability study (n=14)

Characteristics

64.9 (9.7)Age (years), mean (SD)

11 (79)Sex (male), n (%)

New York Heart Association classification, n (%)

1 (7)I

9 (64)II

4 (29)III

8 (57)Cardiac implantable electronic devices, n (%)

27.6 (8.8)Left ventricular ejection fraction (%), mean (SD)

465.1 (98.3)6-Minute walking distance (m), mean (SD)

Questionnaire answers

14 (100)Smartphone ownership, n (%)

2.89 (1.81)Confidence in smartphone use (0-5, where 5 is the best), mean (SD)

3 (21)Social media use, n (%)

12 (86)Primary caregiver a competent smartphone user?, n (%)

Figure 3. Bar chart of PSSUQ subdomain and total score. PSSUQ - Post-Study System Usability Questionnaire.

The Results of the THESS-HF Prospective Study
A total of 30 patients were recruited in this study. The patient
recruitment flowchart is presented in Figure 4. The baseline
patient characteristics are tabulated in Table 4. Regarding the
quality of life as measured by questionnaires KCCQ and
EQ-5D-5L, a nonsignificant trend toward improvement during
the study duration was observed. The mean baseline KCCQ-TTS
score was 73.4 (SD 13.6), whereas the mean increase after 3

months of app usage was 5.8 (SD 15) (95% CI –0.1 to 11.6,
P=.054). The mean baseline EQ-5D-5L VAS was 59.5% (SD
14.9%), whereas the mean increase after 3 months of app usage
was 5.6% (SD 15.6%) (95% CI –0.4 to 11.5, P=.06). The mean
quality of self-care significantly increased during the study
duration, as the baseline EHFScBs score of 64.2% (SD 10.2%)
increased by an average of 4.4% (SD 7.2%) (95% CI 1.7-7.1,
P=.002). Overall, only 1 patient was hospitalized for HF
decompensation during the follow-up period.
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Figure 4. THESS-HF study patient recruitment flowchart. MoCA – Montreal Cognitive Assessment test.

Table 4. Baseline characteristics of patients recruited in the THESS-HFa study (n=30).

ValuePatient parameter

68.7 (12.4)Age, mean (SD)

26 (87)Male sex, n (%)

Heart failure etiology, n (%)

15 (50)Dilatated cardiomyopathy

15 (50)Ischemic cardiomyopathy

10 (33)Hypertension

12 (40)Diabetes mellitus type II

17 (57)Coronary artery disease

16 (53)Atrial fibrillation

Heart failure therapy at baseline, n (%)

25 (83)Angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker

15 (50)Angiotensin receptor neprilysin inhibitor

28 (93)Beta blocker

24 (80)Aldosterone inhibitor

21 (70)Loop diuretics

14 (47)Implanted cardiac implantable electronic device

aTHESS-HF: THe Effect of a Specialized Smartphone app on Heart Failure patients’ quality of life, quality of self-care and hospitalization rate.

Discussion

Principal Findings
In this paper we describe the entire process of designing a
smartphone-based HF intervention in an evidence-based manner.
Based on our team’s thorough literature research, 4 trials [22-25]

assessing apps’effects on patient outcomes were found. Indeed,
it seems that only a limited number of HF-specific apps have
been tested through scientific studies [41]. All studies employed
a similar type of intervention, asking patients to weigh
themselves, measure their blood pressure, and assess their
symptoms regularly, logging the results in an app. Patients found
most features subjectively helpful, but it is unknown whether
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some modules are more important than others in the effort to
improve patient education and self-care.

Seto et al [22] were the first to develop a smartphone app for
patients with HF. Monitoring patient symptom severity, blood
pressure, and body weight were basic app features. These
features became a staple of patient-centered HF apps, because
of their significance in the disease. A substantial increase in
physician and nurse workload was a recurrent motif found in
many of the examined studies [23-25]. To preserve scalability
of ThessHF-based interventions, we opted against any sort of
in-app communication between patients and medical personnel.
As an evidence-based method of intervention, the
“information–motivation–behavioral skills” model,
conceptualized by Fisher et al [42] and employed by Athilingam
et al [25] in their HeartMapp app, served as a robust framework
that allowed us to combine the features that were included in
ThessHF. Our app’s advantage over previous implementations
mostly lied in its evidence-based development, as well as the
innovative gamification features such as the HF knowledge quiz
and participation trophies, which are expected to motivate
patients maintain frequent interaction with the app.

We believe that ThessHF greatly benefited from this systematic
search for app features in the literature, as well as the
systematized expert input in deciding which app features should
be included. Patients and mHealth experts alike rated the app
positively during usability testing. Some features classified as
“inclusion optional” by experts were not included. Activity
tracking was decided against because of the low market
penetration of wearables among the population of patients with
HF. The active involvement of nursing personnel in the app
was not implemented to maintain scalability in resource-scarce
settings. According to the PSSUQ scores, patients found the
app actually useful for their everyday self-care, while experts
filling out the MARS score lauded the app’s stability and quality
of information. In fact, almost all PSSUQ scores, except for the
interface quality subdomain, were better than the mean ratings
collected by Lewis et al [43] in a psychometric study of the
questionnaire. That said, both groups found that the interface
could benefit from some improvements. Thanks to input from
our patients, we made several design changes to suit the app to
their needs. In particular, buttons were made significantly larger
and spaced out, and patients were no longer required to use the
onscreen keyboard for daily use. Indeed, it is likely that
designing elegant yet easy-to-use apps for patients with HF will
prove a major challenge for similar mHealth interventions
worldwide. As mentioned above, unstructured comments made
by patients and physicians trying out ThessHF were crucial to
the improvement of the graphical interface. The fact that the
very physicians treating these patients with HF were tasked
with actually coding the desired design changes reinforced the
feeling of patients that they were an active part of the
development process, increasing their motivation and bonding
with the HF clinic.

The effect of app use on quality of self-care and quality of life
of patients with HF was investigated in the THESS-HF pilot
study. Although neither HF-specific nor health-related quality
of life increased significantly during the follow-up period, the
quality of self-care significantly improved. Self-care quality

has been repeatedly [44-46] found to correlate with outcomes
in HF. Thus, it is not unreasonable to assume that improving
self-care can improve HF quality of life and morbidity in the
long run. This will be tested in a multicenter prospective study
aiming to recruit more patients with a longer follow-up, so as
to test whether sustained use of a patient-centered HF app can
yield better outcomes.

mHealth interventions are expected to become highly valuable
tools in the remote care of patients with HF during the
COVID-19 pandemic that started in 2019 [47]. It is thus
fortuitous that innovative and noninvasive means of monitoring
patients with HF have been proposed [48]. The ThessHF app
proved to be a competent tool for patient support in times of
this crisis. The lack of systematized patient–physician interaction
or transmission of locally saved patient data through the app
constituted a conscious choice to enable low physician workload
and thus affordable scalability. This design decision was also
advantageous insofar that patient data were never uploaded to
remote databases, which would pose a significant medicolegal
challenge. By contrast, physicians having direct access to patient
telemetry could have further increased the app’s efficacy in
improving the standard of care of patients with HF. Furthermore,
usage statistics that could help highlight which features saw
most use by patients as well as overall interaction time were
unavailable. Our research team is actively looking into including
this functionality in the future versions of the app.

As stated above, the inherent inability of data transmission
through the app precluded telemetry, which could have been
used to better understand different users’ engagement pattern,
as well as potential technical issues that prevented patients from
making full use of the app. Nonetheless, subsequent physical
visits allowed us to peruse participants’ app history. This
unstructured “final visit” allowed the research team to access
usage statistics for some patients. Anecdotally, the research
team observed that most patients replaced their handwritten
arterial pressure and body weight journals with the app, a fact
that kept patient interaction with the app high throughout and
beyond the study duration. It should also be noted that no patient
dropped out of the study, with all of them continuing some use
of the app.

In many parts of the world where social distancing is sternly
encouraged [35], primary care physicians and outpatient HF
clinics are predicted to cease or reduce noncritical visits, whether
willingly or at the behest of the local health authorities. The
time originally allocated to physical visits could instead be
invested in managing patients remotely, via tailor-made
platforms. Indeed, now may be the time to embrace platforms
with increased physician involvement, even though such
attempts yielded mixed results in the past [23-25]. In this spirit,
the ThessHF app is planned to incorporate remote, secure data
transfer, ideally paired with wireless sensors.

In parallel with the THESS-HF study and during the lockdown
imposed in Greece between March and May 2020, the Hellenic
Society of Cardiology made the app available for download for
all Greek patients with HF via its website, to assist them with
self-care during the COVID-19 pandemic, and beyond. As of
the writing of this article, 405 patients with HF downloaded the
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app. Because of our longstanding commitment to respect
patients’ sensitive data, no analytics were available regarding
app usage. Thus, the user was not asked for any data prior to
downloading the app through the internet, as this would be an
entirely different study.

Conclusion
HF is a chronic disease, in which consistent and complex
self-care is required to achieve good outcomes. mHealth-based
interventions to improve patient education and the quality of
self-care appear promising, at least in part due to the ease and

low cost of their implementation [1,3,4,49]. The first step in the
evidence-based development of ThessHF was a systematic
review and appraisal of similar interventions. Beneficial app
features were selected by a panel of physicians and implemented
by physician-programmers in the beta version of the ThessHF
app, which received positive reviews by patients and mHealth
experts alike. In the THESS-HF study, app use correlated with
improved self-care on the part of patients. A future multicenter
study with longer follow-up duration will investigate whether
improvements in self-care achieved through app use can lead
to better outcomes for patients with HF.

Acknowledgments
We thank the experts that evaluated the ThessHF app with the MARS test, as well as the cardiologists who participated in the
Delphi process. Furthermore, we want to thank all the patients and their caregivers that actively participated in the development
and improvement of the ThessHF app. We finally want to thank the Hellenic Society of Cardiology for making the app widely
available through the Society’s website during the COVID-19 lockdown.

Authors' Contributions
CB, AT, DM, ET, and PB performed the literature research, the app development, the statistical analysis, and the preparation of
the draft manuscript. CB, CL, VV, ST, CP, NF, and AB contributed to design the app development process, the final study design,
and the study execution. CB, AT, DM, ET, PB, and VV did the proofreading of the manuscript and suggested critical changes.
All authors approve the final version of the review.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Detailed description of the methods, PRISMA flow diagram and Cochrane's Risk of Bias table for the systematic review that was
performed to find HF-oriented mHealth apps.
[DOCX File , 68 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Screenshots of the original ThessHF app in Greek.The figure displays (a) the main screen and gamification features, (b) the actvity
where patients input their blood pressure, (c) history of blood pressure available as a graph, (d) the main menu screen, where
inputted parameters turn green, (e) a question out of the weekly quiz, and (f) the push notification reminding patients to take their
pills.
[DOCX File , 340 KB-Multimedia Appendix 2]

Multimedia Appendix 3
The ThessHF app in action. The user inputs their arterial pressure, body weight and dyspnea, looks at past measurements, takes
a quick quiz on HF and finally cashes in their trophies to get golden hearts.
[MP4 File (MP4 Video), 15559 KB-Multimedia Appendix 3]

References

1. DeFrances CJ, Hall MJ. 2005 National Hospital Discharge Survey. Adv Data 2007 Jul 12(385):1-19. [Medline: 17691217]
2. Ponikowski P, Anker SD, AlHabib KF, Cowie MR, Force TL, Hu S, et al. Heart failure: preventing disease and death

worldwide. ESC Heart Fail 2014 Sep;1(1):4-25. [doi: 10.1002/ehf2.12005] [Medline: 28834669]
3. Savarese G, Lund LH. Global Public Health Burden of Heart Failure. Card Fail Rev 2017 Apr;3(1):7-11. [doi:

10.15420/cfr.2016:25:2] [Medline: 28785469]
4. Bloom MW, Greenberg B, Jaarsma T, Januzzi JL, Lam CSP, Maggioni AP, et al. Heart failure with reduced ejection fraction.

Nat Rev Dis Primers 2017 Aug 24;3(1):17058. [doi: 10.1038/nrdp.2017.58] [Medline: 28836616]
5. Bakogiannis C, Briasoulis A, Mouselimis D, Tsarouchas A, Papageorgiou N, Papadopoulos C, et al. Iron deficiency as

therapeutic target in heart failure: a translational approach. Heart Fail Rev 2020 Mar;25(2):173-182. [doi:
10.1007/s10741-019-09815-z] [Medline: 31230175]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 4 | e24271 | p. 11https://mhealth.jmir.org/2021/4/e24271
(page number not for citation purposes)

Bakogiannis et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v9i4e24271_app1.docx&filename=7afbd19444e54daadbe5096ae5591614.docx
https://jmir.org/api/download?alt_name=mhealth_v9i4e24271_app1.docx&filename=7afbd19444e54daadbe5096ae5591614.docx
https://jmir.org/api/download?alt_name=mhealth_v9i4e24271_app2.docx&filename=650228a7af73cbef27ad4695f4dd8e98.docx
https://jmir.org/api/download?alt_name=mhealth_v9i4e24271_app2.docx&filename=650228a7af73cbef27ad4695f4dd8e98.docx
https://jmir.org/api/download?alt_name=mhealth_v9i4e24271_app3.mp4&filename=b946b9db5cbbec6a40a0813f8efa662f.mp4
https://jmir.org/api/download?alt_name=mhealth_v9i4e24271_app3.mp4&filename=b946b9db5cbbec6a40a0813f8efa662f.mp4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17691217&dopt=Abstract
http://dx.doi.org/10.1002/ehf2.12005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28834669&dopt=Abstract
http://dx.doi.org/10.15420/cfr.2016:25:2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28785469&dopt=Abstract
http://dx.doi.org/10.1038/nrdp.2017.58
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28836616&dopt=Abstract
http://dx.doi.org/10.1007/s10741-019-09815-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31230175&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Stewart S, Ekman I, Ekman T, Odén A, Rosengren A. Population Impact of Heart Failure and the Most Common Forms
of Cancer. Circ Cardiovasc Qual Outcomes 2010 Nov;3(6):573-580. [doi: 10.1161/circoutcomes.110.957571]

7. McMurray JJV, Adamopoulos S, Anker S, Auricchio A, Böhm M, Dickstein K, ESC Committee for Practice Guidelines.
ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure 2012: The Task Force for the Diagnosis
and Treatment of Acute and Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in collaboration
with the Heart Failure Association (HFA) of the ESC. Eur Heart J 2012 Jul;33(14):1787-1847. [doi: 10.1093/eurheartj/ehs104]
[Medline: 22611136]

8. Jones CD, Holmes GM, Dewalt DA, Erman B, Broucksou K, Hawk V, et al. Is adherence to weight monitoring or
weight-based diuretic self-adjustment associated with fewer heart failure-related emergency department visits or
hospitalizations? J Card Fail 2012 Jul;18(7):576-584 [FREE Full text] [doi: 10.1016/j.cardfail.2012.05.004] [Medline:
22748492]

9. Johansson P, van der Wal MH, Strömberg A, Waldréus N, Jaarsma T. Fluid restriction in patients with heart failure: how
should we think? Eur J Cardiovasc Nurs 2016 Aug 11;15(5):301-304. [doi: 10.1177/1474515116650346] [Medline:
27169459]

10. Triposkiadis FK, Skoularigis J. Prevalence and importance of comorbidities in patients with heart failure. Curr Heart Fail
Rep 2012 Dec 24;9(4):354-362. [doi: 10.1007/s11897-012-0110-z] [Medline: 22918666]

11. Polytarchou K, Dimitroglou Y, Varvarousis D, Christodoulis N, Psachoulia C, Pantziou C, et al. Methylmalonic acid and
vitamin B12 in patients with heart failure. Hellenic J Cardiol 2020 Sep;61(5):330-337 [FREE Full text] [doi:
10.1016/j.hjc.2019.10.010] [Medline: 31740360]

12. Lee H, Boo S, Yu J, Suh SR, Chun KJ, Kim J. Physical Functioning, Physical Activity, Exercise Self-Efficacy, and Quality
of Life Among Individuals With Chronic Heart Failure in Korea: A Cross-Sectional Descriptive Study. J Nurs Res 2017
Apr;25(2):131-139. [doi: 10.1097/JNR.0000000000000150] [Medline: 28277393]

13. Waring T, Gross K, Soucier R, ZuWallack R. Measured Physical Activity and 30-Day Rehospitalization in Heart Failure
Patients. J Cardiopulm Rehabil Prev 2017 Mar;37(2):124-129. [doi: 10.1097/HCR.0000000000000204] [Medline: 27798506]

14. Bonios MJ, Adamopoulos SN, Drakos SG. The evolving field of nonpharmacological therapies to improve functional
capacity in chronic heart failure. Hellenic J Cardiol 2018 Nov;59(6):321-322 [FREE Full text] [doi: 10.1016/j.hjc.2018.11.001]
[Medline: 30448617]

15. Kadoglou NPE, Bracke F, Simmers T, Tsiodras S, Parissis J. Influenza infection and heart failure-vaccination may change
heart failure prognosis? Heart Fail Rev 2017 May 15;22(3):329-336 [FREE Full text] [doi: 10.1007/s10741-017-9614-7]
[Medline: 28508293]

16. Vardeny O, Claggett B, Udell JA, Packer M, Zile M, Rouleau J, PARADIGM-HF Investigators. Influenza Vaccination in
Patients With Chronic Heart Failure: The PARADIGM-HF Trial. JACC Heart Fail 2016 Feb;4(2):152-158 [FREE Full
text] [doi: 10.1016/j.jchf.2015.10.012] [Medline: 26746371]

17. Athilingam P, Jenkins B. Mobile Phone Apps to Support Heart Failure Self-Care Management: Integrative Review. JMIR
Cardio 2018 May 02;2(1):e10057 [FREE Full text] [doi: 10.2196/10057] [Medline: 31758762]

18. Istepanian R, Laxminarayan S, Pattichis C. M-Health. Istepanian RSH, Laxminarayan S, Pattichis CS. editors. Boston,
MA: Springer US; 2006.

19. Atkinson SA, Bryan MH, Anderson GH. Human milk feeding in premature infants: Protein,fat, and carbohydrate balances
in the first two weeks of life. The Journal of Pediatrics 1981 Oct;99(4):617-624. [doi: 10.1016/s0022-3476(81)80275-2]
[Medline: 7277107]

20. Tripoliti EE, Karanasiou GS, Kalatzis FG, Naka KK, Fotiadis DI. The Evolution of mHealth Solutions for Heart Failure
Management. Adv Exp Med Biol 2018;1067:353-371. [doi: 10.1007/5584_2017_99] [Medline: 28980271]

21. Yudi MB, Clark DJ, Tsang D, Jelinek M, Kalten K, Joshi S, et al. SMARTphone-based, early cardiac REHABilitation in
patients with acute coronary syndromes [SMART-REHAB Trial]: a randomized controlled trial protocol. BMC Cardiovasc
Disord 2016 Sep 05;16(1):170 [FREE Full text] [doi: 10.1186/s12872-016-0356-6] [Medline: 27596569]

22. Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Mobile phone-based telemonitoring for heart failure
management: a randomized controlled trial. J Med Internet Res 2012 Feb 16;14(1):e31 [FREE Full text] [doi:
10.2196/jmir.1909] [Medline: 22356799]

23. Vuorinen A, Leppänen J, Kaijanranta H, Kulju M, Heliö T, van GM, et al. Use of home telemonitoring to support
multidisciplinary care of heart failure patients in Finland: randomized controlled trial. J Med Internet Res 2014;16(12):e282
[FREE Full text] [doi: 10.2196/jmir.3651] [Medline: 25498992]

24. Hägglund E, Lyngå P, Frie F, Ullman B, Persson H, Melin M, et al. Patient-centred home-based management of heart
failure. Findings from a randomised clinical trial evaluating a tablet computer for self-care, quality of life and effects on
knowledge. Scand Cardiovasc J 2015 Aug;49(4):193-199. [doi: 10.3109/14017431.2015.1035319] [Medline: 25968968]

25. Athilingam P, Jenkins B, Johansson M, Labrador M. A Mobile Health Intervention to Improve Self-Care in Patients With
Heart Failure: Pilot Randomized Control Trial. JMIR Cardio 2017 Aug 11;1(2):e3 [FREE Full text] [doi: 10.2196/cardio.7848]
[Medline: 31758759]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 4 | e24271 | p. 12https://mhealth.jmir.org/2021/4/e24271
(page number not for citation purposes)

Bakogiannis et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1161/circoutcomes.110.957571
http://dx.doi.org/10.1093/eurheartj/ehs104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22611136&dopt=Abstract
http://europepmc.org/abstract/MED/22748492
http://dx.doi.org/10.1016/j.cardfail.2012.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22748492&dopt=Abstract
http://dx.doi.org/10.1177/1474515116650346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27169459&dopt=Abstract
http://dx.doi.org/10.1007/s11897-012-0110-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22918666&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1109-9666(19)30286-6
http://dx.doi.org/10.1016/j.hjc.2019.10.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31740360&dopt=Abstract
http://dx.doi.org/10.1097/JNR.0000000000000150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28277393&dopt=Abstract
http://dx.doi.org/10.1097/HCR.0000000000000204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27798506&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1109-9666(18)30441-X
http://dx.doi.org/10.1016/j.hjc.2018.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30448617&dopt=Abstract
http://europepmc.org/abstract/MED/28508293
http://dx.doi.org/10.1007/s10741-017-9614-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28508293&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2213-1779(15)00702-7
https://linkinghub.elsevier.com/retrieve/pii/S2213-1779(15)00702-7
http://dx.doi.org/10.1016/j.jchf.2015.10.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26746371&dopt=Abstract
https://cardio.jmir.org/2018/1/e10057/
http://dx.doi.org/10.2196/10057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31758762&dopt=Abstract
http://dx.doi.org/10.1016/s0022-3476(81)80275-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7277107&dopt=Abstract
http://dx.doi.org/10.1007/5584_2017_99
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28980271&dopt=Abstract
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-016-0356-6
http://dx.doi.org/10.1186/s12872-016-0356-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27596569&dopt=Abstract
https://www.jmir.org/2012/1/e31/
http://dx.doi.org/10.2196/jmir.1909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22356799&dopt=Abstract
http://www.jmir.org/2014/12/e282/
http://dx.doi.org/10.2196/jmir.3651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25498992&dopt=Abstract
http://dx.doi.org/10.3109/14017431.2015.1035319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25968968&dopt=Abstract
https://cardio.jmir.org/2017/2/e3/
http://dx.doi.org/10.2196/cardio.7848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31758759&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Brooks GC, Vittinghoff E, Iyer S, Tandon D, Kuhar P, Madsen KA, et al. Accuracy and Usability of a Self-Administered
6-Minute Walk Test Smartphone Application. Circ Heart Fail 2015 Sep;8(5):905-913 [FREE Full text] [doi:
10.1161/CIRCHEARTFAILURE.115.002062] [Medline: 26283292]

27. Boyle L, Grainger R, Hall RM, Krebs JD. Use of and Beliefs About Mobile Phone Apps for Diabetes Self-Management:
Surveys of People in a Hospital Diabetes Clinic and Diabetes Health Professionals in New Zealand. JMIR Mhealth Uhealth
2017 Jun 30;5(6):e85 [FREE Full text] [doi: 10.2196/mhealth.7263] [Medline: 28666975]

28. Kang H, Park H. A Mobile App for Hypertension Management Based on Clinical Practice Guidelines: Development and
Deployment. JMIR Mhealth Uhealth 2016 Feb;4(1):e12 [FREE Full text] [doi: 10.2196/mhealth.4966] [Medline: 26839283]

29. Arean PA, Hallgren KA, Jordan JT, Gazzaley A, Atkins DC, Heagerty PJ, et al. The Use and Effectiveness of Mobile Apps
for Depression: Results From a Fully Remote Clinical Trial. J Med Internet Res 2016 Dec 20;18(12):e330 [FREE Full text]
[doi: 10.2196/jmir.6482] [Medline: 27998876]

30. Scherr D, Kastner P, Kollmann A, Hallas A, Auer J, Krappinger H, MOBITEL Investigators. Effect of home-based
telemonitoring using mobile phone technology on the outcome of heart failure patients after an episode of acute
decompensation: randomized controlled trial. J Med Internet Res 2009 Aug 17;11(3):e34 [FREE Full text] [doi:
10.2196/jmir.1252] [Medline: 19687005]

31. Triantafyllidis A, Velardo C, Chantler T, Shah SA, Paton C, Khorshidi R, SUPPORT-HF Investigators. A personalised
mobile-based home monitoring system for heart failure: The SUPPORT-HF Study. Int J Med Inform 2015
Oct;84(10):743-753. [doi: 10.1016/j.ijmedinf.2015.05.003] [Medline: 26037921]

32. Kotooka N, Kitakaze M, Nagashima K, Asaka M, Kinugasa Y, Nochioka K, HOMES-HF study investigators. The first
multicenter, randomized, controlled trial of home telemonitoring for Japanese patients with heart failure: home telemonitoring
study for patients with heart failure (HOMES-HF). Heart Vessels 2018 Aug;33(8):866-876. [doi: 10.1007/s00380-018-1133-5]
[Medline: 29450689]

33. Abraham WT, Adamson PB, Bourge RC, Aaron MF, Costanzo MR, Stevenson LW, et al. Wireless pulmonary artery
haemodynamic monitoring in chronic heart failure: a randomised controlled trial. Lancet 2011 Feb 19;377(9766):658-666.
[doi: 10.1016/S0140-6736(11)60101-3] [Medline: 21315441]

34. Liu W, Tao Z, Wang L, Yuan M, Liu K, Zhou L, et al. Analysis of factors associated with disease outcomes in hospitalized
patients with 2019 novel coronavirus disease. Chin Med J (Engl) 2020 May 05;133(9):1032-1038 [FREE Full text] [doi:
10.1097/CM9.0000000000000775] [Medline: 32118640]

35. Stein R. COVID-19 and rationally layered social distancing. Int J Clin Pract 2020 Jul 14;74(7):e13501 [FREE Full text]
[doi: 10.1111/ijcp.13501] [Medline: 32170898]

36. Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, Tjondronegoro D, Mani M. Mobile app rating scale: a new tool for
assessing the quality of health mobile apps. JMIR Mhealth Uhealth 2015;3(1):e27 [FREE Full text] [doi:
10.2196/mhealth.3422] [Medline: 25760773]

37. Lewis JR. Psychometric Evaluation of the Post-Study System Usability Questionnaire: The PSSUQ. Proceedings of the
Human Factors Society Annual Meeting 1992;36(12):1259-1260. [doi: 10.1177/154193129203601617]

38. Green CP, Porter CB, Bresnahan DR, Spertus JA. Development and evaluation of the Kansas City Cardiomyopathy
Questionnaire: a new health status measure for heart failure. J Am Coll Cardiol 2000 Apr;35(5):1245-1255 [FREE Full
text] [Medline: 10758967]

39. Kontodimopoulos N, Pappa E, Niakas D, Yfantopoulos J, Dimitrakaki C, Tountas Y. Validity of the EuroQoL (EQ-5D)
instrument in a Greek general population. Value Health 2008 Dec;11(7):1162-1169 [FREE Full text] [doi:
10.1111/j.1524-4733.2008.00356.x] [Medline: 18489492]

40. Lambrinou E, Kalogirou F, Lamnisos D, Papathanassoglou E, Protopapas A, Sourtzi P, et al. The Greek version of the
9-item European Heart Failure Self-care Behaviour Scale: a multidimensional or a uni-dimensional scale? Heart Lung
2014;43(6):494-499. [doi: 10.1016/j.hrtlng.2014.07.001] [Medline: 25109661]

41. Masterson Creber RM, Maurer MS, Reading M, Hiraldo G, Hickey KT, Iribarren S. Review and Analysis of Existing
Mobile Phone Apps to Support Heart Failure Symptom Monitoring and Self-Care Management Using the Mobile Application
Rating Scale (MARS). JMIR Mhealth Uhealth 2016 Jun 14;4(2):e74 [FREE Full text] [doi: 10.2196/mhealth.5882] [Medline:
27302310]

42. Fisher W, Fisher J, Harman J. The Information-Motivation-Behavioural Skills Model: A General Social Psychological
Approach to Understanding and Promoting Health Behaviour in Social Psychological Foundations of Health and Illness.
In: Social Psychological Foundations of Health and Illness. New Jersey, US: Blackwell Publishing Ltd; Jan 01, 2003:82-106.

43. Lewis JR. Psychometric Evaluation of the PSSUQ Using Data from Five Years of Usability Studies. International Journal
of Human-Computer Interaction 2002 Sep;14(3-4):463-488. [doi: 10.1080/10447318.2002.9669130]

44. Fitzgerald AA, Powers JD, Ho PM, Maddox TM, Peterson PN, Allen LA, et al. Impact of medication nonadherence on
hospitalizations and mortality in heart failure. J Card Fail 2011 Aug;17(8):664-669. [doi: 10.1016/j.cardfail.2011.04.011]
[Medline: 21807328]

45. Buck HG, Lee CS, Moser DK, Albert NM, Lennie T, Bentley B, et al. Relationship between self-care and health-related
quality of life in older adults with moderate to advanced heart failure. J Cardiovasc Nurs 2012;27(1):8-15. [doi:
10.1097/JCN.0b013e3182106299] [Medline: 21558868]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 4 | e24271 | p. 13https://mhealth.jmir.org/2021/4/e24271
(page number not for citation purposes)

Bakogiannis et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/26283292
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.115.002062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26283292&dopt=Abstract
http://mhealth.jmir.org/2017/6/e85/
http://dx.doi.org/10.2196/mhealth.7263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28666975&dopt=Abstract
http://mhealth.jmir.org/2016/1/e12/
http://dx.doi.org/10.2196/mhealth.4966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26839283&dopt=Abstract
https://www.jmir.org/2016/12/e330/
http://dx.doi.org/10.2196/jmir.6482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27998876&dopt=Abstract
http://www.jmir.org/2009/3/e34/
http://dx.doi.org/10.2196/jmir.1252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19687005&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2015.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26037921&dopt=Abstract
http://dx.doi.org/10.1007/s00380-018-1133-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29450689&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(11)60101-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21315441&dopt=Abstract
http://europepmc.org/abstract/MED/32118640
http://dx.doi.org/10.1097/CM9.0000000000000775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32118640&dopt=Abstract
http://europepmc.org/abstract/MED/32170898
http://dx.doi.org/10.1111/ijcp.13501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32170898&dopt=Abstract
http://mhealth.jmir.org/2015/1/e27/
http://dx.doi.org/10.2196/mhealth.3422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25760773&dopt=Abstract
http://dx.doi.org/10.1177/154193129203601617
http://linkinghub.elsevier.com/retrieve/pii/S0735-1097(00)00531-3
http://linkinghub.elsevier.com/retrieve/pii/S0735-1097(00)00531-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10758967&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(10)60598-0
http://dx.doi.org/10.1111/j.1524-4733.2008.00356.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18489492&dopt=Abstract
http://dx.doi.org/10.1016/j.hrtlng.2014.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25109661&dopt=Abstract
https://mhealth.jmir.org/2016/2/e74/
http://dx.doi.org/10.2196/mhealth.5882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27302310&dopt=Abstract
http://dx.doi.org/10.1080/10447318.2002.9669130
http://dx.doi.org/10.1016/j.cardfail.2011.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21807328&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0b013e3182106299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21558868&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


46. Wu J, Frazier SK, Rayens MK, Lennie TA, Chung ML, Moser DK. Medication adherence, social support, and event-free
survival in patients with heart failure. Health Psychol 2013 Jun;32(6):637-646 [FREE Full text] [doi: 10.1037/a0028527]
[Medline: 22746258]

47. Velavan TP, Meyer CG. The COVID-19 epidemic. Trop Med Int Health 2020 Mar;25(3):278-280 [FREE Full text] [doi:
10.1111/tmi.13383] [Medline: 32052514]

48. Conn NJ, Schwarz KQ, Borkholder DA. In-Home Cardiovascular Monitoring System for Heart Failure: Comparative Study.
JMIR Mhealth Uhealth 2019 Jan 18;7(1):e12419 [FREE Full text] [doi: 10.2196/12419] [Medline: 30664492]

49. Mosterd A, Hoes AW. Clinical epidemiology of heart failure. Heart 2007 Sep;93(9):1137-1146 [FREE Full text] [doi:
10.1136/hrt.2003.025270] [Medline: 17699180]

Abbreviations
EHFScBs: European Heart Failure Self-care Behavior Scale
HF: heart failure
HFrEF: HF with reduced ejection fraction
KCCQ: Kansas City Cardiomyopathy Questionnaire
PSSUQ: Post-Study System Usability Questionnaire
ThessHF app: The Hellenic Educational Self-care and Support Heart Failure app
THESS-HF: THe Effect of a Specialized Smartphone app on Heart Failure patients’ quality of self-care, quality
of life and hospitalization rate

Edited by L Buis; submitted 11.09.20; peer-reviewed by D Zissis, A Triantafyllidis; comments to author 31.10.20; revised version
received 05.12.20; accepted 02.03.21; published 13.04.21

Please cite as:
Bakogiannis C, Tsarouchas A, Mouselimis D, Lazaridis C, Theofillogianakos EK, Billis A, Tzikas S, Fragakis N, Bamidis PD,
Papadopoulos CE, Vassilikos VP
A Patient-Oriented App (ThessHF) to Improve Self-Care Quality in Heart Failure: From Evidence-Based Design to Pilot Study
JMIR Mhealth Uhealth 2021;9(4):e24271
URL: https://mhealth.jmir.org/2021/4/e24271
doi: 10.2196/24271
PMID:

©Constantinos Bakogiannis, Anastasios Tsarouchas, Dimitrios Mouselimis, Charalampos Lazaridis, Efstratios K Theofillogianakos,
Antonios Billis, Stergios Tzikas, Nikolaos Fragakis, Panagiotis D Bamidis, Christodoulos E Papadopoulos, Vassilios P Vassilikos.
Originally published in JMIR mHealth and uHealth (http://mhealth.jmir.org), 13.04.2021. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR mHealth and
uHealth, is properly cited. The complete bibliographic information, a link to the original publication on http://mhealth.jmir.org/,
as well as this copyright and license information must be included.

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 4 | e24271 | p. 14https://mhealth.jmir.org/2021/4/e24271
(page number not for citation purposes)

Bakogiannis et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/22746258
http://dx.doi.org/10.1037/a0028527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22746258&dopt=Abstract
https://doi.org/10.1111/tmi.13383
http://dx.doi.org/10.1111/tmi.13383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32052514&dopt=Abstract
https://mhealth.jmir.org/2019/1/e12419/
http://dx.doi.org/10.2196/12419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30664492&dopt=Abstract
http://europepmc.org/abstract/MED/17699180
http://dx.doi.org/10.1136/hrt.2003.025270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17699180&dopt=Abstract
https://mhealth.jmir.org/2021/4/e24271
http://dx.doi.org/10.2196/24271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

